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1	 ﾠWhat	 ﾠIs	 ﾠEnergy	 ﾠHarvesting?	 ﾠ
•  Energy	 ﾠharves ng	 ﾠis	 ﾠthe	 ﾠcollec on	 ﾠof	 ﾠambient	 ﾠenergy	 ﾠfrom	 ﾠthe	 ﾠ
surrounding	 ﾠenvironment	 ﾠ
•  Ambient	 ﾠenergy	 ﾠsources	 ﾠcould	 ﾠbe:	 ﾠ	 ﾠ
•  A	 ﾠby-ﾭ‐product	 ﾠof	 ﾠanother	 ﾠenergy-ﾭ‐using	 ﾠprocess	 ﾠ
•  Energy	 ﾠintended	 ﾠto	 ﾠbe	 ﾠused	 ﾠfor	 ﾠanother	 ﾠpurpose	 ﾠ
•  The	 ﾠambient	 ﾠenergy	 ﾠsources	 ﾠcan	 ﾠtake	 ﾠa	 ﾠnumber	 ﾠof	 ﾠforms,	 ﾠ
dependant	 ﾠupon	 ﾠthe	 ﾠlocal	 ﾠenvironment	 ﾠ
•  Energy	 ﾠharvesters	 ﾠare	 ﾠtypically	 ﾠdesigned	 ﾠto	 ﾠoperate	 ﾠfrom	 ﾠone	 ﾠ
speciﬁc	 ﾠform	 ﾠof	 ﾠenergy	 ﾠ
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 ﾠUse	 ﾠEnergy	 ﾠHarvesting?	 ﾠ
•  Can	 ﾠprovide	 ﾠan	 ﾠalterna ve	 ﾠto	 ﾠhard-ﾭ‐wired	 ﾠor	 ﾠba ery	 ﾠpowered	 ﾠ
wireless	 ﾠsensors	 ﾠ
•  Poten al	 ﾠfor	 ﾠa	 ﾠalmost	 ﾠperpetual	 ﾠgreen	 ﾠenergy	 ﾠsupply	 ﾠ
•  Can	 ﾠreduce	 ﾠsystem	 ﾠcosts	 ﾠdue	 ﾠto:	 ﾠ
•  Reduc on	 ﾠin	 ﾠinstalla on	 ﾠcosts	 ﾠ
•  Reduced	 ﾠraw	 ﾠmaterial	 ﾠrequirements	 ﾠ
•  Nega on	 ﾠof	 ﾠneed	 ﾠfor	 ﾠservice	 ﾠvisits	 ﾠto	 ﾠreplace	 ﾠba eries	 ﾠ
•  Reduced	 ﾠenvironmental	 ﾠimpact	 ﾠas:	 ﾠ
•  Produc on	 ﾠof	 ﾠhazardous	 ﾠwaste	 ﾠby	 ﾠthe	 ﾠneed	 ﾠto	 ﾠregularly	 ﾠreplace	 ﾠ
ba eries	 ﾠis	 ﾠavoided	 ﾠ
•  Quan ty	 ﾠof	 ﾠmaterials	 ﾠused,	 ﾠsuch	 ﾠas	 ﾠcopper,	 ﾠare	 ﾠsigniﬁcantly	 ﾠ
reduced	 ﾠcompared	 ﾠto	 ﾠthat	 ﾠneeded	 ﾠfor	 ﾠa	 ﾠﬁxed	 ﾠwiring	 ﾠinstalla on	 ﾠ	 ﾠ 3	 ﾠ
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 ﾠForms	 ﾠAvailable	 ﾠin	 ﾠthe	 ﾠ
Built	 ﾠEnvironment	 ﾠ
Within	 ﾠthe	 ﾠbuilt	 ﾠenvironment	 ﾠenergy	 ﾠmay	 ﾠbe	 ﾠpresent	 ﾠin	 ﾠmany	 ﾠ
forms:	 ﾠ
•  Light,	 ﾠfrom	 ﾠboth	 ﾠnatural	 ﾠand	 ﾠar ﬁcial	 ﾠsources	 ﾠ
•  Vibra onal,	 ﾠfrom	 ﾠmachinery	 ﾠor	 ﾠequipment	 ﾠ
•  Thermal,	 ﾠfrom	 ﾠheat	 ﾠfrom	 ﾠbuilding	 ﾠelements	 ﾠand	 ﾠthe	 ﾠHVAC	 ﾠ
system	 ﾠ
•  Air	 ﾠﬂows,	 ﾠfrom	 ﾠboth	 ﾠnatural	 ﾠand	 ﾠar ﬁcial	 ﾠsources	 ﾠ
•  Mechanical	 ﾠmovements	 ﾠcaused	 ﾠby	 ﾠinterac on	 ﾠwith	 ﾠthe	 ﾠ
building	 ﾠoccupants	 ﾠ
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 ﾠof	 ﾠEnergy	 ﾠHarvester	 ﾠ
For	 ﾠeach	 ﾠof	 ﾠthe	 ﾠpoten al	 ﾠenergy	 ﾠsources	 ﾠin	 ﾠthe	 ﾠambient	 ﾠ
environment	 ﾠthere	 ﾠare	 ﾠharvester	 ﾠtechnologies	 ﾠavailable,	 ﾠsome	 ﾠ
examples	 ﾠare:	 ﾠ
•  Light	 ﾠ–	 ﾠSolar	 ﾠcells	 ﾠ
•  Vibra onal	 ﾠ–	 ﾠElectromagne c	 ﾠharvesters	 ﾠ
•  Thermal	 ﾠ–	 ﾠThermoelectric	 ﾠharvesters	 ﾠ
•  Air	 ﾠFlows	 ﾠ–	 ﾠMiniature	 ﾠturbines	 ﾠ
•  Mechanical	 ﾠ–	 ﾠUser	 ﾠpowered	 ﾠdevices	 ﾠ
Perpetuum	 ﾠ Micropelt	 ﾠ
Boon	 ﾠEdam	 ﾠ
5	 ﾠSolar	 ﾠEnergy	 ﾠHarvesting	 ﾠ
•  Typically	 ﾠaccomplished	 ﾠusing	 ﾠsolar	 ﾠcells,	 ﾠwhich	 ﾠare	 ﾠa	 ﾠwell	 ﾠ
established	 ﾠtechnology	 ﾠ
•  Available	 ﾠas	 ﾠsolar	 ﾠmodules	 ﾠwith	 ﾠa	 ﾠwide	 ﾠrange	 ﾠof	 ﾠoutput	 ﾠ
characteris cs	 ﾠ
•  Solar	 ﾠmodules	 ﾠare	 ﾠavailable	 ﾠop mised	 ﾠfor	 ﾠdiﬀering	 ﾠopera onal	 ﾠ
condi ons	 ﾠ
•  Exterior	 ﾠspeciﬁca on	 ﾠmodules:	 ﾠ
•  High	 ﾠsensi vity	 ﾠto	 ﾠwavelengths	 ﾠpresent	 ﾠin	 ﾠnatural	 ﾠlight	 ﾠ
•  Designed	 ﾠto	 ﾠoperate	 ﾠunder	 ﾠhigher	 ﾠillumina on	 ﾠlevels	 ﾠ
•  Indoor	 ﾠspeciﬁca on	 ﾠmodules:	 ﾠ
•  High	 ﾠsensi vity	 ﾠto	 ﾠwavelengths	 ﾠpresent	 ﾠin	 ﾠﬂuorescent	 ﾠand	 ﾠ
incandescent	 ﾠlight	 ﾠsources	 ﾠ
•  Designed	 ﾠto	 ﾠoperate	 ﾠunder	 ﾠlower	 ﾠillumina on	 ﾠlevels	 ﾠthan	 ﾠthe	 ﾠexterior	 ﾠ
speciﬁca on	 ﾠmodules	 ﾠ 6	 ﾠ
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 ﾠEnergy	 ﾠHarvesting	 ﾠ
•  Commercially	 ﾠavailable	 ﾠharvesters	 ﾠtypically	 ﾠuse	 ﾠeither	 ﾠ
piezoelectric	 ﾠor	 ﾠelectromagne c	 ﾠenergy	 ﾠconversion	 ﾠ
•  Many	 ﾠharvesters	 ﾠfor	 ﾠuse	 ﾠin	 ﾠthe	 ﾠbuilt	 ﾠenvironment	 ﾠare	 ﾠbased	 ﾠon	 ﾠ
a	 ﾠresonant	 ﾠstructure	 ﾠand	 ﾠare	 ﾠtargeted	 ﾠat	 ﾠharmonics	 ﾠof	 ﾠthe	 ﾠ
electricity	 ﾠsupply	 ﾠfrequency	 ﾠ
•  The	 ﾠenergy	 ﾠharvester	 ﾠneeds	 ﾠto	 ﾠbe	 ﾠselected	 ﾠto	 ﾠsuit	 ﾠthe	 ﾠavailable	 ﾠ
source	 ﾠvibra on,	 ﾠneed	 ﾠto	 ﾠconsider:	 ﾠ
•  Vibra on	 ﾠlevel	 ﾠ
•  Primary	 ﾠvibra on	 ﾠfrequency	 ﾠ
•  Frequency	 ﾠspectrum	 ﾠof	 ﾠthe	 ﾠvibra on	 ﾠ
Perpetuum	 ﾠ Mide	 ﾠ
7	 ﾠThermal	 ﾠEnergy	 ﾠHarvesting	 ﾠ
•  Thermal	 ﾠharvesters	 ﾠare	 ﾠbased	 ﾠon	 ﾠthermoelectric	 ﾠmaterials	 ﾠ
u lising	 ﾠthe	 ﾠSeebeck	 ﾠeﬀect	 ﾠ
•  Devices	 ﾠare	 ﾠavailable	 ﾠbased	 ﾠon	 ﾠbulk	 ﾠceramic	 ﾠmaterials	 ﾠand	 ﾠ
micro-ﾭ‐fabricated	 ﾠsilicon	 ﾠ
•  Opera on	 ﾠis	 ﾠachieved	 ﾠby	 ﾠproviding	 ﾠa	 ﾠthermal	 ﾠdiﬀerence	 ﾠ
between	 ﾠthe	 ﾠtwo	 ﾠsides	 ﾠof	 ﾠthe	 ﾠdevice	 ﾠ
•  Output	 ﾠpower	 ﾠis	 ﾠa	 ﾠfunc on	 ﾠof	 ﾠthermal	 ﾠdiﬀerence	 ﾠand	 ﾠnumber	 ﾠ
of	 ﾠthermopile	 ﾠjunc ons	 ﾠwithin	 ﾠthe	 ﾠharvester	 ﾠ
Marlow	 ﾠIndustries	 ﾠ Micropelt	 ﾠ
8	 ﾠWind	 ﾠEnergy	 ﾠ
•  Established	 ﾠtechnology	 ﾠthat	 ﾠis	 ﾠwidely	 ﾠavailable	 ﾠin	 ﾠmany	 ﾠsizes	 ﾠ
•  Achievable	 ﾠthrough	 ﾠthe	 ﾠuse	 ﾠof	 ﾠmini-ﾭ‐	 ﾠand	 ﾠmicro-ﾭ‐scale	 ﾠwind	 ﾠ
turbines	 ﾠin	 ﾠthe	 ﾠbuilt	 ﾠenvironment	 ﾠ
•  For	 ﾠsuccessful	 ﾠopera on	 ﾠthe	 ﾠharvesters	 ﾠrequire	 ﾠa	 ﾠsuitable	 ﾠair	 ﾠ
ﬂow,	 ﾠpossible	 ﾠinstalla on	 ﾠloca ons	 ﾠare:	 ﾠ
•  In	 ﾠthe	 ﾠvicinity	 ﾠof	 ﾠair	 ﾠintakes	 ﾠor	 ﾠair	 ﾠcircula on	 ﾠsystems	 ﾠ
•  Inside	 ﾠHVAC	 ﾠduct	 ﾠwork	 ﾠ
•  External	 ﾠmoun ng	 ﾠ
•  Can	 ﾠprove	 ﾠproblema c	 ﾠto	 ﾠensure	 ﾠa	 ﾠsuitable	 ﾠair	 ﾠﬂow	 ﾠfor	 ﾠthe	 ﾠ
device	 ﾠwithin	 ﾠa	 ﾠbuilding	 ﾠif	 ﾠnot	 ﾠmounted	 ﾠin	 ﾠthe	 ﾠHVAC	 ﾠsystem	 ﾠ
9	 ﾠ
Ict for sustainable homes Conference 2011, Nice   
Piotr Dymarski – Mostostal Warszawa 
24-25 October 2011 Mechanical	 ﾠEnergy	 ﾠ
•  These	 ﾠdevices	 ﾠare	 ﾠused	 ﾠto	 ﾠtransform	 ﾠenergy	 ﾠfrom	 ﾠmechanical	 ﾠ
ac ons	 ﾠperformed	 ﾠby	 ﾠa	 ﾠuser	 ﾠto	 ﾠelectrical	 ﾠenergy,	 ﾠand	 ﾠare	 ﾠ
available	 ﾠin	 ﾠmany	 ﾠforms	 ﾠand	 ﾠsizes	 ﾠ
•  An	 ﾠsmaller	 ﾠsized	 ﾠexample	 ﾠis	 ﾠthe	 ﾠEnocean	 ﾠswitch:	 ﾠ
•  Harvests	 ﾠenergy	 ﾠfrom	 ﾠthe	 ﾠswitch	 ﾠac on	 ﾠ
•  This	 ﾠenergy	 ﾠis	 ﾠused	 ﾠto	 ﾠtransmit	 ﾠa	 ﾠradio	 ﾠsignal	 ﾠrepor ng	 ﾠits	 ﾠstatus	 ﾠ
•  A	 ﾠlarger	 ﾠscale	 ﾠexample	 ﾠis	 ﾠthe	 ﾠenergy	 ﾠharves ng	 ﾠrevolving	 ﾠdoor	 ﾠ
from	 ﾠBoon	 ﾠEdam:	 ﾠ
•  Rota on	 ﾠof	 ﾠthe	 ﾠdoor	 ﾠby	 ﾠthe	 ﾠusers	 ﾠprovides	 ﾠthe	 ﾠenergy	 ﾠinput	 ﾠ
•  Harvested	 ﾠenergy	 ﾠcan	 ﾠbe	 ﾠused	 ﾠto	 ﾠlight	 ﾠthe	 ﾠdoor	 ﾠand	 ﾠto	 ﾠpower	 ﾠ
informa on	 ﾠdisplays	 ﾠ
Boon	 ﾠEdam	 ﾠ Enocean	 ﾠ
10	 ﾠAmbient	 ﾠEnergy	 ﾠSurveys	 ﾠ
•  When	 ﾠspecifying	 ﾠenergy	 ﾠharves ng	 ﾠdevices	 ﾠfor	 ﾠuse	 ﾠin	 ﾠa	 ﾠgiven	 ﾠ
built	 ﾠenvironment	 ﾠit	 ﾠis	 ﾠnecessary	 ﾠto	 ﾠﬁrst	 ﾠsurvey	 ﾠthe	 ﾠtypical	 ﾠ
environment	 ﾠto	 ﾠassess	 ﾠwhat	 ﾠsources	 ﾠof	 ﾠenergy	 ﾠare	 ﾠavailable	 ﾠ
•  Typical	 ﾠparameters	 ﾠthat	 ﾠmay	 ﾠbe	 ﾠinves gated	 ﾠand	 ﾠmeasured	 ﾠ
include:	 ﾠ
•  Light	 ﾠlevels	 ﾠ
•  Temperature	 ﾠof	 ﾠthe	 ﾠambient	 ﾠair	 ﾠand	 ﾠany	 ﾠsuitable	 ﾠthermal	 ﾠsources	 ﾠ
•  Spectra	 ﾠand	 ﾠlevels	 ﾠof	 ﾠvibra on	 ﾠsources	 ﾠ
•  Speeds	 ﾠand	 ﾠvolumes	 ﾠof	 ﾠavailable	 ﾠair	 ﾠﬂows	 ﾠ
•  Details	 ﾠof	 ﾠany	 ﾠrepeated	 ﾠmechanical	 ﾠac ons	 ﾠor	 ﾠuser	 ﾠinterac ons	 ﾠ
11	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 ﾠAvailability	 ﾠ
Considerations	 ﾠ
As	 ﾠwell	 ﾠas	 ﾠiden fying	 ﾠthe	 ﾠenergy	 ﾠsources	 ﾠthat	 ﾠare	 ﾠpresent	 ﾠin	 ﾠa	 ﾠ
deployment	 ﾠenvironment	 ﾠthere	 ﾠare	 ﾠfurther	 ﾠconsidera ons	 ﾠthat	 ﾠ
may	 ﾠneed	 ﾠto	 ﾠbe	 ﾠtaken	 ﾠinto	 ﾠaccount	 ﾠto	 ﾠbuild	 ﾠa	 ﾠfuller	 ﾠpicture	 ﾠof	 ﾠthe	 ﾠ
ambient	 ﾠenergy:	 ﾠ
•  The	 ﾠprimary	 ﾠuse	 ﾠof	 ﾠthe	 ﾠspace,	 ﾠand	 ﾠthe	 ﾠac vi es	 ﾠperformed	 ﾠ
within	 ﾠit	 ﾠ
•  The	 ﾠhours	 ﾠof	 ﾠuse	 ﾠof	 ﾠthe	 ﾠspace	 ﾠ
•  Seasonal	 ﾠvaria ons	 ﾠin	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠthe	 ﾠenergy	 ﾠsources	 ﾠ
•  The	 ﾠenvironmental	 ﾠcondi ons	 ﾠpreferred	 ﾠby	 ﾠthe	 ﾠusers	 ﾠor	 ﾠ
occupants	 ﾠof	 ﾠthe	 ﾠspace	 ﾠ
12	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 ﾠMeasurements	 ﾠ
Within	 ﾠthe	 ﾠTIBUCON	 ﾠproject	 ﾠenergy	 ﾠharves ng	 ﾠdevices	 ﾠare	 ﾠbeing	 ﾠ
deployed	 ﾠthrough	 ﾠa	 ﾠvariety	 ﾠof	 ﾠdiﬀerent	 ﾠenvironments	 ﾠin	 ﾠboth	 ﾠ
residen al	 ﾠand	 ﾠcommercial	 ﾠbuildings	 ﾠ
•  Prior	 ﾠto	 ﾠthe	 ﾠdeployments	 ﾠsite	 ﾠsurveys	 ﾠhave	 ﾠbeen	 ﾠperformed	 ﾠ
with	 ﾠthe	 ﾠfollowing	 ﾠenvironmental	 ﾠparameters	 ﾠrecorded	 ﾠwhere	 ﾠ
applicable:	 ﾠ
•  Light	 ﾠlevels	 ﾠ
•  Air	 ﾠand	 ﾠsurface	 ﾠtemperatures	 ﾠ
•  Vibra on	 ﾠspectra	 ﾠ
•  Air	 ﾠﬂows	 ﾠ
•  Other	 ﾠdetails	 ﾠrecorded	 ﾠare:	 ﾠ
•  Use	 ﾠof	 ﾠthe	 ﾠspace	 ﾠbeing	 ﾠsurveyed	 ﾠ
•  Orienta on	 ﾠof	 ﾠany	 ﾠexterior	 ﾠwindows	 ﾠ
13	 ﾠConclusions	 ﾠ
•  Energy	 ﾠharves ng	 ﾠcan	 ﾠbe	 ﾠapplied	 ﾠto	 ﾠa	 ﾠrange	 ﾠof	 ﾠpoten al	 ﾠ
deployment	 ﾠloca ons	 ﾠwithin	 ﾠthe	 ﾠbuilt	 ﾠenvironment	 ﾠ
•  A	 ﾠrange	 ﾠof	 ﾠpoten al	 ﾠambient	 ﾠenergy	 ﾠsources	 ﾠhave	 ﾠbeen	 ﾠ
iden ﬁed	 ﾠincluding	 ﾠlight,	 ﾠthermal	 ﾠand	 ﾠvibra onal	 ﾠ
•  Energy	 ﾠharvesters	 ﾠare	 ﾠcommercially	 ﾠavailable	 ﾠto	 ﾠharvest	 ﾠfrom	 ﾠ
a	 ﾠrange	 ﾠof	 ﾠforms	 ﾠof	 ﾠambient	 ﾠenergy	 ﾠ
•  Within	 ﾠregularly	 ﾠoccupied	 ﾠareas	 ﾠsuch	 ﾠas	 ﾠdomes c	 ﾠliving	 ﾠspaces	 ﾠ
and	 ﾠoﬃces	 ﾠsolar	 ﾠenergy	 ﾠharves ng	 ﾠhas	 ﾠbeen	 ﾠiden ﬁed	 ﾠas	 ﾠthe	 ﾠ
most	 ﾠcommonly	 ﾠavailable	 ﾠenergy	 ﾠharves ng	 ﾠmodality	 ﾠ
•  Use	 ﾠof	 ﾠmore	 ﾠthan	 ﾠone	 ﾠform	 ﾠof	 ﾠenergy	 ﾠharves ng	 ﾠincreases	 ﾠ
reliability	 ﾠof	 ﾠthe	 ﾠenergy	 ﾠsupply	 ﾠ
14	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